further defence against weight gain when overeating had occurred. These associations existed alongside the major and predictable association found between alcohol consumption and smoking. Similarities between the British and Canadian schoolgirls were striking in respect of rank order of reasons given for smoking and consequences of giving it up. Since smoking amongst older women is reportedly associated with below-average body weight it may indeed be effective in helping to curb weight gain. Our study provided little evidence of association between smoking and generalised anxiety or social anxiety (in either population), or depression (in the British cohort). We suggest that any preventive psychological approach to teenage female smoking should include attention to weight gain anxiety and consequent pursuit of thinness.
Summary
It has been proposed that teenage girls often smoke cigarettes to protect themselves from the impulse to binge eat, with its feared weight-gain consequences, particularly when other measures such as greater dietary restraint have failed. The present study looked at the relationship between body mass index and standardised questionnaire responses concerning smoking, alcohol consumption, moods, weight changes, attitudes to body weight and shape, dietary patterns and menstruation in 1936 British (London) and 832 Canadian (Ottawa) schoolgirls. Data analysis revealed links between cigarette smoking and body weightlshape concerns, and awareness by subjects of these links; there was also a tendency for smokers in these two populations to be overweight but not grossly obese. Smoking was also related at all ages to being postmenarchal. The London population in particular revealed an association between smoking and a weight loss of 7 kg or more at some stage since puberty. Smoking was also linked, in a minority, with regular vomiting undertaken as a further defence against weight gain when overeating had occurred. These associations existed alongside the major and predictable association found between alcohol consumption and smoking. Similarities between the British and Canadian schoolgirls were striking in respect of rank order of reasons given for smoking and consequences of giving it up. Since smoking amongst older women is reportedly associated with below-average body weight it may indeed be effective in helping to curb weight gain. Our study provided little evidence of association between smoking and generalised anxiety or social anxiety (in either population), or depression (in the British cohort). We suggest that any preventive psychological approach to teenage female smoking should include attention to weight gain anxiety and consequent pursuit of thinness.
Keywords: smoking; teenage girls; weight gain A comprehensive review' of 70 studies on the relationship between body weight and smoking behaviour bears out the commercial belief in this association and its marketability in respect of cigarette sales. Such studies often reveal that adult smokers weigh less than non-smokers, that stopping smoking leads to weight gain and starting it to weight loss and that females including teenagers2 believe that smoking helps keep down their body weight and related fatness ('shape'). Klesges et al' suggest that changes in diet and/or metabolism may underlie weight changes consequent on smoking. A major study reported from the US' noted substantial weight gain in a minority of those who had stopped smoking, proposed that this cosmetic effect might hamper attempts to quit, and recommended that such concerns be addressed as part of smoking cessation programmes.
In contrast to these findings in adults, we have already reported smoking to be commonest in relatively overweight schoolgirls (those between the 75th and 90th percentile for age) in the UK.4 It was also significantly related to body weight and shape concerns. This accords with the finding5 that overweight females in the US were especially likely to have taken up smoking as a method of weight control; this finding was supported by Townsend et at who also found that adolescent female smokers tended to be overweight. We have suggested that smoking may indeed be effective in reducing body size and shape over the years, since in the early 1970s we found it to be associated with thinness in both urban and rural dwelling older females in the UK7; hence perhaps its major psychological 'addictive' potential in young adult females who often seem especially resistant to conventional social and public health pressures to give up smoking.
A strong association between smoking, alcohol consumption, and anorexia nervosa with a binge/vomiting form of low body weight control was reported by Crisp, 8 who suggested that smoking provided an alternative comfort/oral activity to eating in this population and was harnessed therefore as an additional strategy in the battle against weight gain. But concern about normal postpubertal female 'fatness' and attempts to curb it are obviously not limited to eating-disordered populations. They are widespread amongst teenage girls, biologically normal in respect of body weight and shape. For example, the majority of 16/17-year-old girls have been shown to have such concerns over the last several decades both in the US9 10 and Europe."1 12 There may even have been some increase in these concerns over this time span.
Reports of teenage smoking emphasise its recent increase in females in many European countries"3 and recent Office of Population Censuses and Surveys (OPCS) surveys support this finding with respect to the UK.'4 Advice from the medical and allied professions" continues to emphasise the personal, social and commercial basis of much smoking, and social and legislative solutions have been suggested. However, such approaches fail to address the possible influence of the personal body weight and shape concerns that may also underwrite cigarette smoking in adolescent girls. There is a new high-profile UK government policy which has the goal of significantly reducing the prevalence of smoking amongst teenage girls by the end of the decade,'6 although ambitious shorter term goals have not been achieved. The UK government is coming to recognise the scale of the problem and its complexity." Meanwhile, in Canada, there is the prospect of exceptionally firm legislative control over tobacco sales in an effort to deal with it.
In view of this impasse, the study reported here was undertaken to explore whether weight concerns and related behaviour, such as has previously been detected in eating-disordered populations and in the general female population, continue to exist in association with smoking within 'normal' schoolgirl populations in the UK and Canada during the period 1988-91.
The null hypotheses were that these female smokers (a) will not associate their smoking with weight and shape concerns; (b) there will also be no association with proneness to overeat, preference for sweet and starchy foods, vomiting as another less common defence against weight gain, or significant weight loss since puberty. Moreover, these smokers (c) will not report a belief that smoking protects them from such eating and weight gain, but (d) will report more emphatically that peer pressure and relief from social anxieties and depression accounts for their smoking. Furthermore, ( George's Hospital Medical School), and in the city of Ottawa, Canada, were surveyed to examine their smoking behaviour in association with a number of growth and related experiential and attitudinal characteristics. The London population was the second sample of adolescent females from such schools to be studied, the first having been studied in 1972 exclusively in respect of its weight/shape characteristics, growth rate, related concerns and eating behaviour.'2 There were five local state schools (two comprehensive girls' schools, one mixed comprehensive school and two mixed middle schools) and two private girls' schools, one also local and the other six miles away. The Ottawa schoolgirls, from two inner and two outer city schools, were about to be studied in respect of their anxiety characteristics and the opportunity arose also to study them in the above ways so as to allow some transAtlantic comparisons. In total, 1936 girls in London and 832 girls in Ottawa took part. Ethical approval for the study was obtained in the usual way at both centres.
The head teacher of each school gave consent for the study, and all parents were given the option of withdrawing their daughters from it. For the Ottawa population, it was necessary to gain approval from the four school boards responsible for education in Ottawa and to secure the express support of individual parents.
MEASURES
Height and weight, in indoor clothes and without shoes, were measured for each subject in a standardised way using accurate instruments. On the basis of this information Body Mass Index (BMI2) was calculated as a measure of body size. Subsequently 'weight status' was defined by age groups in percentile terms: 'very underweight' -BMI 10th percentile and below, 'underweight' -1 lth-25th percentile, 'normal weight' -26th-74th percentile, 'overweight' -75th-89th percentile, 'very overweight' -90th percentile and above.
Both populations also completed the same two questionnaires, one concerning body weight/shape, eating and aspects of growth, and the other concerning smoking. The former questionnaire (available on request) was a slightly modified version of that used by the St George's group in a study of a similar population of teenage girls in 1972.12 18 It asks in detail about weight, weight history, attitudes to weight and shape, eating habits and dietary preferences, as well as eliciting information on menstrual history (see below for items specifically used for this study). The second questionnaire addressed smoking behaviour and reasons for smoking. Prevalence rates for smoking amongst school children can be difficult to assess. Young people may perceive smoking as a forbidden activity and be reluctant to reveal it as present or past behaviour or may tend to play down the amount that they smoke. Major studies of smoking amongst school populations carried out by the OPCS have tackled this by using direct questioning about smoking behaviour followed up by a retrospective diary which asks subjects to record all cigarettes smoked during the preceding 7 days.'9 This consistently has given a higher yield of smokers and smoking behaviour. We followed a similar procedure, but used a 4-day diary (including the weekend), and found the same pattern of increased reporting in the diary compared with responses to direct questioning. In this study the definition of a smoker was based on the OPCS-defined smoking categories.
A non-smoker was a girl who reported never having smoked or else giving up after trying once or twice. A smoker was a girl who reported either occasional or regular smoking.
The smokers amongst both populations also completed questionnaires allowing them to identify and report their reasons for smoking and the effects they foresaw should they stop. These questionnaires addressed a variety of often cited reasons for smoking by teenage girls and included items to do with eating, hunger, and weight gain. The schoolgirls were also asked about their alcohol consumption in the Age in years Figure 1 Actual -, and preferred ---, mean body weights, displayed in relation to age in years; the squares represent the Ottawa population, circles the London (present study) population, and triangles the population studied in London in 1972 diary questionnaire. For the purpose of regression analysis, any schoolgirl was classified as being a 'drinker' if she reported drinking on any one of the diary occasions.
In addition, aspects of mood were measured by questionnaires. The London population completed one such questionnaire which addressed five major categories of anxiety (concerning weight, food, social anxiety, agoraphobia and generalised anxiety), with the associated scales (5-8 items in each instance with each item allowing scores of 1-4); also a negative mood inventory (including self-report of sadness, hopelessness, low self-esteem and uselessness) designed to detect 'depression'. The weight, food, social and generalised anxiety scales have all demonstrated good discriminatory capacity in respect of normal individuals and those with anorexia nervosa.
The Ottawa schoolgirls received the Revised Childrens' Manifest Anxiety Scale (RCMAS) questionnaire. This highly standardised 37-item self-report questionnaire provides scores on global anxiety and on three subscales (physiological anxiety, worry/over-sensitivity, and social concerns/concentration)."2 21 STATISTICAL ANALYSIS For initial analyses, when distributional assumptions could not be made, the Wilcoxon test for two independent samples with an approximation to the normal distribution was used to test differences between groups. Multiple logistic regression with a backward conditional stepwise selection procedure was used to produce an estimated relative risk for each prognostic factor with all other covariates held constant. In addition, a 95% confidence interval (CI) for the estimated relative risk was computed. The populations from London and Ottawa were analysed separately (and, subsequently, also together). Using the stepwise selection procedure, covariates were selected or deleted from the model based on the grounds of statistical significance (alpha = 0. 10). Important biological variables, including weight and age, were left in the final model as had been previously suggested."2 The likelihood ratio test was used to ascertain whether excluding covariates on this basis significantly reduced the fit of the model. A goodness-of-fit test statistic (-2 log likelihood) was calculated to test the adequacy of the final model. Plots of the deviance residuals versus fitted values of the logit were used to investigate any observations that might appreciably influence the estimates." All statistical analysis was undertaken using the statistical software SAS (SAS Institute Inc, Cary, NC, USA).
None of the interval scaled variables was linear in the estimated logit and they were all therefore reduced to being ordinal scaled. Where necessary, ordinal and nominal scaled covariates were further categorised in order to provide levels with sufficient numbers in the outcome variable 'smoking status'. For those categorical variables with more than two levels, dummy variables were created for the purpose of logistic regression," ie, all categories were included in modelling, even when only a subset was significant, following the stepwise procedure.
The outcome variable of smoking status (smoker = 1; non-smoker = 0) was evaluated using a restricted form of the OPCS retrospective diary as already described.'9 Details of the coding of the covariates are given in the Appendix.
Results
Less than 3% of parents of the London schoolgirls did not wish their daughters to participate, and apart from these girls all others present in the school and in classes available for study on the survey day were included. More of the Ottawa schoolgirl parents expressed their wish that their daughters should not take part in the study and this reduced the Canadian study population to 52% of the total.
ACTUAL AND PREFERRED BODY WEIGHT Figure 1 shows the measured mean body weights by age of the London and Ottawa schoolgirls; also similar measured mean body weights of a cohort of 2000 London schoolgirls studied in 1972 and already referred to.'2 Variation in the three studies between these mean measured body weights can be seen within certain age groups. In contrast, the reported preferred mean body weights for the three populations are remarkably similar, ie, both over the 18-year time span within the London groups and in transAtlantic terms.
BMI
It can be seen that the two populations (table 1) are simnilar in this respect so far as percentile cut-off points (defining the boundaries of our 'body weight' categories) are concerned, except for the 17-and 18-year-olds where the Ottawa girls tend to be heavier. Their heights were similar at all ages. When these data are compared to the recent UK cross-sectional reference data for BMI in teenage girls23 it is evident that they are similar, eg, the 91st percentile for weight of a 16-year-old girl, 50th percentile for height, is 25.0 in the national data.
AGE AND SMOKING
For chronological age (table 2) smoking was most likely amongst 15-year-old London schoolgirls. This was significant compared with Figure 2 shows the noticeable similarities between the London and Ottawa populations in this respect.
There is a significant association in the London schoolgirls, a tendency in the Ottawa schoolgirls, and a significant association in the combined populations, between reported postmenarchal weight loss at some stage since puberty equal to or greater than 7 kg and smoking. For instance, in London, such schoolgirls were 70% more likely to smoke. The Ottawa schoolgirl smokers, in whom the association with weight loss since puberty was less robust, also reported a 90% greater likelihood of smoking in association with major weight fluctuations during this same period.
A striking and highly significant reported association with cigarette smoking was that of alcohol consumption. Schoolgirls were seven times more likely to smoke if they also reported drinking alcohol.
A tendency in both populations for smoking to be associated with 'proneness to overeating' is just significant (30% more likely) when the two populations are combined. A tendency for the London and combined smoking populations also to report a high dietary intake of sweets/starch, etc, fell short of statistical significance.
The relatively high proportion of smokers also reporting frequent vomiting behaviour approached significance for each population in the original model, and was significant (80% more likely to smoke) in the reduced model for the combined population. Such vomiting was significantly associated (chi-square tests) with weight gain concern, both 'over the last three months' (London p < 0.000, Ottawa p < 0.003) and 'ever' (London p < 0.006, Ottawa p < 0.036), but not with alcohol consumption (London p < 0.113, Ottawa p < 0.50).
ANXIETIES AND SMOKING
A preliminary univariate analysis (figure 3) of smoking in the London population in relation to mood revealed significant associations with high levels of weight anxiety (Z = 6.67; p = 0.001), food/eating anxiety (Z = 4.27; p = 0.001), depression (Z = 3.80; p = 0.001), and low levels of agoraphobia (Z = -5.11; p = 0.001) when compared with non-smokers. There were no differences with respect to generalised anxiety level and social anxiety levels. Nevertheless, all six measures were included in the logistic regression analysis in view of the often cited importance of both generalised and social anxiety as factors contributing to smoking in young people, female as well as male.
Within the logistic regression analysis of the London population data (table 3) the surviving category of anxiety associated with smoking was a twofold one of high levels of 'body weight anxiety' (scores at least one standard deviation above the mean). The combined smoking populations significantly often reported worry about being 'too fat". Meanwhile, the standardised RCMA measures of generalised and social anxiety used in the Ottawa population and also subject to logistical regression revealed no differences between smokers and non-smokers.
SOCIAL CLASS
It was not possible to examine smoking in relation to parental social class but the London schoolgirls have been studied in relation to their school status (state or private sector). We have already reported4 that, in the younger age groups, there was a higher proportion of girls from state schools smoking. This was reversed after the age of 15 when girls from independent schools were more likely to be smokers. However, as the proportion of girls in the sixth forms of the state schools was considerably less than in the independent schools, it might be supposed that those remaining in the state schools after the age of 16 were an especially self-selected group. The state school group had a higher proportion of ex-smokers, whereas the independent schoolgirls, who started smoking at a later age, were less likely to give up smoking once they had started. The results of the studies challenge the null hypotheses. In particular, they provide evidence that, for schoolgirls in London and Ottawa, there are associations between smoking and attitudes to and anxieties about body weight and shape. A preferred body weight considerably less than their measured body weights, characterises these schoolgirl populations. This preferred level is very similar for the London and Ottawa populations and to the preferred level revealed two decades earlier in London using the same methodology. It has been suggested23 that teenage female body weight and shape anxieties stem from enduring concerns about the impact of puberty and its weight-related characteristics on social and emotional development, which girls commonly frame in terms of associated pubertal 'fatness' and which they may then come to experience as egodystonic to some degree.23 Such 'fatness', not recognisably part of greater obesity, becomes a major and conscious focus of anxiety which transcends the impact of changing 'fashions', though it may drive that industry's goal of idealising 'thinness'.
It is suggested that the individual's consequent and usually ill-fated urge to lose weight by dieting and excessive exercise,'2 may then extend to additional strategies such as smoking to curb food intake, especially if the problem is compounded by a degree of obesity. Anorexia nervosa, which has been construed as a total avoidance response to the maturational challenge of puberty,24 with smoking still being used as one defence against ingestion and weight gain, is an extreme outcome. Both our populations of smokers (still) tended to be overweight (weak association but consolidated by finding it in both populations) and report proneness to overeat, though they also reported their smoking as significantly more often associated with having already lost 7 kg or more at some stage since puberty. Smoking was also significantly more likely in those reporting that they vomited frequently following a meal (a well recognised defence against weight gain in some teenage girls). Smoking may particularly come into play, for those in whom weight gain is causing belated anxiety, as a means of weight regulation within constitutional limits when other attempts such as dietary restraint have failed. Our study suggests that this group may then begin to achieve its goal of weight control/ loss. There is also a group of overweight teenage girls, presumably less concerned about or indifferent and feeling hopeless in relation to further weight gain, who have entered the allegedly ever-increasing category of teenage female massive obesity and contribute thereby to our finding of a low prevalence of smoking in this latter 'very overweight' population.
Surprising but notable, in view of the similarity between the London and Ottawa populations in these respects, was the lack of association of generalised anxiety and social anxiety with smoking. It could be argued that these anxieties had been relieved by the smoking. However, it is the weight anxiety that survives and is also ranked higher than other anxieties amongst the reasons given for smoking, as is awareness that eating more and weight gain would be consequences of stopping smoking. The absence of depression as a factor associated with our London teenage girls is similarly striking. These other mood states may be more important in teenage male smoking.
There is a much greater likelihood that smokers will also report drinking alcohol. Alcohol consumption is a complicating variable in attempting to understand what is going on. It will contribute importantly to calorie intake and hence to the overall picture of body weight associations with smoking and probably also body weight fluctuations. Cigarette smoking and alcohol consumption often go together in social settings. The present study suggests that there is also a longstanding basis to the overweight status of the smoking population since it reports a higher growth rate (early menarche)4 in smokers -a known association with being overweight at all ages25. The powerful association between being postmenarchal and smoking may add something to the intensification of female anxieties about body shape consequent on this stage of development.
The similarities between the London and Ottawa populations were notable in their rankings of the reasons for smoking and imagined consequences of giving it up. Both sets of schoolgirl smokers were also aware that they would be more healthy and that their parents (and presumably society at large) would be glad if they gave up smoking. However, they continued to smoke. Personal reasons for smoking and the personal impact of giving up smoking are given emphasis by more of the schoolgirls than are social factors. These personal factors include non-specific statements such as that they like it, that it relaxes them and that it is something to do and relieves boredom; also that it reduces hunger and is an alternative to eating. More report that, were they to give up smoking, they would eat more and put on weight. In the absence of specifically high levels of generalised anxiety, social anxiety and depression, reports that smoking brings relaxation and relief from boredom may also be linked, in some subjects, with anxiety that they might otherwise eat more and gain weight.
We conclude that anxieties about body weight and shape regulation, the feeling of being too fat, and the fear of losing control of eating, may be important forces at work in sustaining cigarette smoking amongst teenage girls, who often believe that it will help them in their goal of weight control and weight loss. Our study lends support to this proposition, since the London teenage female smokers in our study already reported substantial weight loss at some stage since puberty. A further sinister reinforcement of this attitude may be that smoking amongst older women has been found to be associated with relative thinness. One interpretation of this is that smoking has the desired effect in achieving thinness, a possibility that may not have been overlooked by observant teenage girls as well as the tobacco industry. Such concerns may reinforce and perpetuate smoking despite clear awareness of the health risks. Education concerning cigarette smoking (how not to start; how to stop; the reasons why) for this resistant group may benefit by addressing this factor26 and the maturational challenges to the individual that underlie it, as well as the other factors commonly addressed within such programmes. 
